Abstract:
INTRODUCTION
Dual process models propose that treatment adherence and other health behaviors are influenced by two distinct cognitive processes [1, 2] . On one hand are explicit cognitive processes that are characterized by intentional reflection and reasoning. An example of such processes would include consciously deciding to initiate antiretroviral therapy (ART) for HIV after weighing the pros and cons of pursuing such a health goal. In contrast, implicit cognitive processes are automatic and impulsive, operating out of the individual's awareness. For some patients, thoughts about treatment may be unknowingly associated with a significant other (e.g., family member, partner, medical provider), triggering mental associations that either facilitate or impede adherence. Similarly, thoughts about treatment in terms of its association with a competing goal or a specific event (e.g., desires to avoid aversive medication side effects or serostatus disclosure) may unknowingly lead to responses that negatively impact treatment behavior [3] .
People living with HIV (PLH) report high rates of depressive symptoms and often experience a mix of psychosocial stressors, including stigma, poverty, and perceived discrimination [4 -8] . Psychosocial stressors and depressive symptoms make individuals particularly vulnerable to the influence of implicit cognitive processes [9, 10] . People with major depression, for example, have an attentional bias for negatively-valenced information and interpretations [11] , and this attentional bias attracts a multitude of health-compromising thoughts which affect both explicit and implicit processes. Faced with circumstances where negative cognitive material has greater salience, a depressed individual's ability to override health-compromising implicit processes through corrective, explicit processes may be overwhelmed. While ART requires adherence rates of 95% or higher for a patient to achieve immunological benefits and virologic suppression [12, 13] , research indicates that more than half of patients are unable to meet these stringent standards [14, 15] . Part of the problem may be implicit cognitive processes that adversely affect adherence to ART.
Assessing implicit cognitive processes is necessary to better understand how they impact self-regulatory efforts and treatment initiation among PLH. Given their hidden nature, such assessment procedures would require the use of an implicit method of inquiry [16, 17] . Multidimensional scaling [MDS; 18, 19] is an exploratory data analysis technique that can uncover implicit cognitive processes related to treatment [20] . MDS asks individual patients to provide their immediate and instinctive rating of the similarities of their own treatment-related cognitions and then uses these ratings to generate a geometric mapping of the patient's underlying cognitive processes. These mappings provide a visual depiction of how specific cognitive processes operate outside an individual's awareness to either facilitate or compromise HIV care engagement. In an MDS study where patients are not provided instructions on how to judge or determine the similarity of their thoughts in relation to various treatment behaviors, the similarity ratings are viewed as natural, unconstrained, and fueled by implicit or nonconscious criteria [20, 21] .
In this preliminary study, we explored the potential of using MDS to assess implicit cognitive processes among patents with poor levels of HIV care engagement. We defined care engagement as involving a range of patient activities, including presenting for care, keeping scheduled appointments, communicating and staying in contact with health providers, seeking help when needed to address health concerns, and adhering to treatment as prescribed. This view of engagement clearly applies to patients across the continuum of care. Using a sample of patients lost to follow up at two urban hospitals, we also explored how information from such assessments could be used as part of clinical interventions to promote engagement, particularly as it relates to treatment initiation and adherence. To our knowledge, there has been only one other study to date that has examined implicit processes among patients undergoing ART [22] . That investigation, however, did not focus on patients with histories of poor engagement or adherence below optimal levels. Only patients who had been reported as lost to follow up for care were targeted for the present study, thus providing information relevant to growing public health efforts aimed at linking individuals to treatment following an HIV diagnosis and retaining them in care.
METHOD Participants
Study participants consisted of 33 patients diagnosed with HIV who were recruited from two large Chicago hospitals. The hospitals, which provide services to a predominantly ethnic minority population with low socioeconomic status, are located in two separate geographic areas of the city with high HIV prevalence rates. A participant was eligible for the study if he or she was 16 years or older, HIV seropositive, and had missed more than half of all scheduled appointments with a medical provider during the past year. Eligible participants were identified by case managers and health care workers at both hospitals from lists of patients who had been identified as lost to follow up.
Procedure
A posttest-only randomized controlled design was used. Participants were randomly assigned to either the assessment or a control group. All procedures for recruitment, data collection and confidentiality were reviewed and approved by the Institutional Review Boards of Mercy Hospital and Medical Center and Mount Sinai Hospital Medical Center in Chicago.
Participants met with a trained interviewer at one of the two hospital sites where the study was conducted. After providing informed consent, participants in both groups were asked to complete measures designed to obtain demographic and adherence information. Assessment group participants were then asked to provide short phrases or sentences describing their thoughts about following their treatment regimen. In cases where participants had not initiated treatment, they were asked to provide statements that described what they believed they would be doing if they were on a regimen. Participants were encouraged to provide a range of treatment-related thoughts, including those involving descriptions of treatment that were abstract (i.e., related to the purpose or possible consequences of their regimen) as well as those that were concrete (i.e., describing the steps required to follow their regimen).
After the elicitation procedure, participants used a laptop computer to access the web-based assessment program which required that they compare each of their thoughts to one another as well as seven phrases used in this study to evaluate each participant's appraisals of treatment. The appraisal phrases were designed to gauge how a patient's own thoughts or descriptions of treatment were related to: (a) intrinsic versus extrinsic motivation (i.e., "something I choose to do in order to get what I really want out of life" versus "something I do because it is required of me or someone else wants me to do it"); (b) approach versus avoidance behavior ("…makes me want to stick with my HIV treatment plan" versus "…makes me want to avoid my HIV treatment plan"); and (c) positive versus negative valence ("something that is positive or pleasant to me" versus "something that is negative or unpleasant to me"). Finally, to determine the extent to which participants viewed a given thought or appraisal as representing their typical views of treatment, they also rated the similarity of each thought and appraisal statement to a self-referent stimulus item ("…describes the way I usually think about my HIV treatment plan").
Participants rated, in quick succession, the similarity of all semantic items to one another using a seven-point rating scale ranging from not at all similar (1) to very similar (7). The web-based assessment program presented all possible paired combinations of semantic items in random order. This paired comparison procedure is consistent with other research assessing implicit cognitive processes [20, 23, 24] . After completion of the paired comparison procedure, a map was generated by MDS that depicted how an individual participant's treatment-related cognitions were associated with treatment appraisals and behaviors.
The interviewer explained the mapping to each assessment group participant, and then conducted a semi-structured interview to obtain the participant's reactions to his or her mapping and the web-based assessment program.After the interview, participants completed measures of treatment motivation and behavioral change intentions. Control group participants, completed the demographics, treatment adherence, treatment motivation, and behavioral change intentions measures only. All study participants received an incentive for their participation.
Measures
Descriptive demographics. A brief 13 item questionnaire was used to obtain participants' basic demographic data, including age, ethnicity, education, and income.
Treatment adherence. Self-reported adherence was assessed with the AIDS Clinical Trials Group (ACTG) adherence questionnaire [25] . Participants indicated within a four-day period the number of doses missed for each medication prescribed, the number of days all doses were missed, and how closely the prescription was followed (i.e., according to schedule and special instructions).
Participant reactions. A semi-structured interview was conducted with assessment group participants. In these interviews, participants were asked to provide their views of the assessment procedure and the information provided by their MDS map; whether they had learned anything new about how they think about taking their medications; whether they learned anything from the map that surprised them or was unexpected; how accurately they believed the map portrayed their thought processes; whether the information provided by the map could be helpful to them in changing the way they manage their treatment regimen or make decisions about their healthcare. Interviews averaged 30-45 minutes in length.
Exploratory outcome evaluation measures. To explore the effect of the web-based assessment program on treatment motivation, the study employed the 15-item Treatment Self-Regulation Questionnaire (TSRQ); [26, 27] . The TSRQ provides a standard measure of intrinsic and extrinsic motivation for following treatment. To evaluate the effect of the assessment program on treatment behavioral change intentions, asingle-item measure was adapted for use in this study from a scale employed in previous research assessing individual intentions to initiate treatment or improve adherence behaviors within the next six months [28] .
Data Analytic Strategy
Participant ratings of treatment-related items were analysed using SMACOF, a MDS program [29] . Twodimensional configurations were generated for each participant. Configurations had acceptable goodness-of-fit measures, with stress values ranging from 0 to 0.15.
Participant interviews were audiotaped and reviewed. Each interview was transcribed verbatim for analysis. For the present study, the analysis focused on data regarding the extent to which participants reported being unaware of or surprised by cognitive processes captured by multidimensional scaling. Analyses were also conducted to determine whether participants viewed specific implicit processes as facilitating or impeding care engagement. A computer software program, NVivo, was used for data management and analysis. Exemplary quotes were identified to reflect the extent to which participants viewed their treatment-related cognitions as implicit, accurate, and either facilitative or detrimental to care engagement.
Due to the exploratory nature of the study and the corresponding small sample size, quantitative data analysis focused primarily on descriptive statistics. Independent samples t-tests were used to compare the assessment and control groups on measures of treatment motivation and behavior change intentions. Due to skewed values from these measures, log and inverse transformations were employed to obtain more normal distributions of the data.
RESULTS

Sample Description
Thirty-three participants were randomized to either the web-based assessment group (n = 18) or control group (n = 15). All participants were African American and 67% (n=22) were male. The mean age was 35 years (SD = 12.5; range 16 -62). The majority of participants (61%) self-identified as being heterosexual, 36% as gay or bisexual, and 3% as "other." Eighty-two percent of participants reported being single, and 58% had children. While slightly more than half of those enrolled in the study indicated that they continued their education beyond high school (51.5%; n = 17), only two reported receiving a baccalaureate or higher level degree. Eighty-eight percent of the sample had annual incomes below $20,000.
The bulk of participants reported that they had initiated ART (85%; n = 28). All participants had been identified as lost to follow-up by their health providers prior to enrollment in the study. Mean self-reported adherence during the previous four days was 58%. Participants indicated that they had kept on the average approximately 38% of their scheduled medical appointments during the past year, with the majority missing medical appointments for at least six consecutive months. The mean length of time participants reported being diagnosed as HIV seropositive was 8.9 years (range, 5 months -31 years). There were no statistically significant differences between the web-based assessment and control groups.
Web-based Assessment: Treatment-related Cognitions
The number of distinct treatment-related cognitions reported by each participant during the elicitation procedure ranged from 10 to 16. These cognitions included concrete descriptions of ART (e.g., "swallowing a pill") as well as abstract perceptions related to both the purpose and possible consequences of treatment-related behaviors (e.g., "staying alive," "improving my immune system," "having diarrhea"). Some participants provided treatment-related cognitions related to stigma, expressing concerns that others would learn of their serostatus (e.g., "something I have to hide"). Participants used the web-based assessment program to compare all possible paired combinations of their treatmentrelated cognitions, appraisal phrases, and the self-referent stimulus item. Participants compared a mean of 188 paired combinations (SD = 39; range 137 to 253), which were presented successively in random order. All 18 assessment group participants completed the paired comparisons procedure within 45 minutes to an hour.
Participant Reactions
According to the interview transcripts, the majority of assessment group participants mentioned that the web-based program revealed cognitive processes of which they had been unaware or had underestimated (72%; n=13).Several participants mentioned that they were surprised about the extent of their negative appraisals of treatment (39%; n=7). One participant, a man in his early 20s who was prescribed ART slightly more than two years ago, indicated that he was not aware of the extent to which his thoughts about medication side effects (e.g., unpleasant dreams) affected his avoidance of treatment. In addition, he was surprised to learn that thoughts about his family made him want to improve his adherence.
I didn't realize that the dreams and trying to avoid different things [were] half the reason why I don't want to take [the medication]. I didn't realize that. Honestly, I didn't realize that I think so much more about my family than I think about myself. …It seems like I care more about hurting them than hurting myself.
In general, participants indicated that the visual mappings generated by multidimensional scaling aided them in understanding how underlying cognitive processes affected their treatment behavior. One participant, a woman in her late 20s who had been diagnosed as HIV seropositive slightly more than two years ago, described her reaction upon reviewing her map: "To see it is to believe it. To see actually some of the thoughts that you have in your head, uh, like sitting in front [of you] was very helpful. It was like an eye opener." The view was echoed by another participant, a man in his early 40s who had been diagnosed for 20 years: "Just to see it visually versus thinking it… it was just kind of to me like, 'okay. I understand'.
All assessment group participants reported that they viewed the MDS mappings as accurate representations of their thought processes. In addition, participants tended to describe the mappings as understandable and useful, providing them with ideas about how to better manage their regimens. One third of assessment group participants asked for copies of their maps to remind them of their strengths and weaknesses and to serve as guides to aid in treatment management. When asked about the negative aspects of the web-based assessment program, three participants complained about the tedious nature of the paired-comparison procedure as well as the amount of time required to complete the paired comparisons. Table 1 lists treatment-related cognitions generated by an individual participant. This 50 year-old woman had been diagnosed as HIV seropositive for nearly two years prior to her enrollment in the study. She had been identified as lost to follow-up during the past 12 months and reported 75% adherence in the previous four days. The first 13 cognitions listed in Table 1 were generated by the participant during the elicitation procedure. As noted above, the final seven phrases (i.e., six appraisals and one self-referent statement) were supplied by the assessment program to aid in the interpretation of participant maps.
Cognitive Mapping for an Individual Patient: "It Made Me More Aware"
Table 1. Descriptions of treatment: Cognitions and appraisals for individual participant.
Healthy: "Keeping myself as healthy as possible" Irritating: "Doing something that is irritating to me" Angry: "Getting angry" Memories: "Having memories of how I might have become infected" Survive: "Something I have to do to survive" Bottle: "Taking pills out of the bottle" Gathering: "Gathering all my medications" Water: "Getting a glass of water" Mouth: "Putting all of the medications in my mouth at once" Swallow: "Swallowing the pills" Eating: "Eating a meal" Life: "Being able to survive and be happy" Mood: "Doing something to be in a good mood" Appraisal statements Positive: "Something that is positive or pleasant to me" Negative: "Something that is negative or unpleasant to me" Avoid: "A thought that makes me want to avoid my HIV treatment plan" Approach: "A thought that makes me want to stick with my HIV treatment plan" Intrinsic: "Something I choose to do in order to get what I really want out of life" Extrinsic: "Something I do because it is required of me or someone else wants me to do it" Me: "Describes the way I usually think about my HIV treatment plan" An abbreviation of each of the cognitions and appraisals listed in Table 1 appears in the MDS map shown in Fig (1) . The proximity of items on the map to one another indicates the degree to which the participant rated them as similar. The left side of the participant's mapping depicts clusters of cognitions (such as "memories" and "irritating") which were associated with treatment avoidance and negatively-valenced reactions, due to their proximity to these appraisal statements. Similarly, the right side of the map contains cognitions (e.g., "survival," "life") that were associated with treatment approach-oriented behaviors, intrinsic motivation, and positively-valenced reactions. Items such as "bottle," and "swallow" were equidistant from specific appraisal statements (e.g., "positive," "negative"), suggesting that the participant perceived these cognitions as having mixed valence. Fig. (1) . MDS mapping of treatment-related cognitions and appraisals for individual participant.
A possible interpretation of this participant's mapping is that she avoids treatment when she associates it with painful thoughts of how she became infected during a previous relationship (e.g., "memories"), and is more likely to follow her regimen when thinking of it in terms of its health promoting effects (e.g., something done to "survive and be happy"). In the semi-structured interview, the participant indicated that she had not been aware of the connection between these cognitions and her treatment behaviors prior to the web-based assessment:
The process of doing this [made me] knowledgeable of myself and some of the things I wasn't knowing all the time came out … it let's me know what areas I really need to work on… [I]t made me aware of how much of the negative I feel… Sometimes I get angry and sometimes I have flashbacks.
The visual display of her thoughts and their connection to treatment provided her with clues about how to improve her adherence:
I will probably change getting angry and thinking negative because I get angry a lot. And like I said, I never got any closure [on the relationship] so that's why my memories [are there]. I've tried everything to get the truth and I guess that's why it's so high on the chart.
Like others in this study who expressed concerns about stigma and reluctance in sharing personal information, the participant indicated that she felt more comfortable revealing her private cognitive processes through the web-based program than she would have with another individual, including health providers and family members.
You know like your family members, they can be judgmental -not wanting to be judgmental. … Even the 
Exploratory Outcomes: Treatment Behavior Change Intentions and Treatment Motivation
Results for the effect of the web-based assessment program on behavior change intentions and treatment motivation are shown in Table 2 . When asked to indicate their intentions to either improve their adherence or initiate ART within the next six months, assessment group participants reported significantly greater levels of change intentions than those in the control group (p = .02; Cohen's d = 0.84). Based on a median split, the proportion of assessment group participants who reported high levels of change intentions relative to control group participants was 83% versus 47%. There were no statistically significant differences between the two groups of participants with regard to either intrinsic or extrinsic treatment motivation. 
DISCUSSION
This study is the first to explore how the assessment of implicit cognitive processes could be used to improve care engagement among patients identified as lost to follow up for HIV care. The study builds on a growing body of research that focuses on the active role played by implicit cognitive processes in health behaviors [2, 30 -32] . Participants in this investigation often stated that they had been unaware of how various cognitions and associations influenced their disengagement from care or avoidance of treatment. Similarly, participants also indicated that they had been unaware of cognitive processes that prompted behaviors favorable to treatment adherence, appointment keeping, and active communication with health providers.
Linking individuals to treatment following an HIV diagnosis and retaining them in care is part of a public health strategy that utilizes antiretroviral medications to reduce the viral load of people living with HIV, thereby limiting onward transmission [33 -39] . Findings from the present study suggest that MDS-based assessments of implicit cognitive processes have potential value in clinical interventions aimed at retaining patients and strengthening their engagement with care. Participants who received MDS-based assessments reported significantly greater intentions to initiate treatment or improve the adherence behaviors than control group participants within the next six months. Findings suggest that the patient-specific information provided by MDS maps could be used to devise clinical interventions tailored to the individual. As occurred during this study, such interventions should encourage patients to discuss their maps with close attention to how various thoughts affect their health-related behavior.
This preliminary study has limitations that should be noted. First, it used a cross-sectional design which consequently prevented a direct evaluation of the effect of the web-based assessment approach on adherence and appointment keeping. Future research should build on the promising initial results of this investigation by employing longitudinal designs. Secondly, given the small sample size, the study may be limited in its ability to generalize to a larger population of PLH lost to follow up, particularly those who have never initiated ART. These limitations notwithstanding, the results indicate that a web-based assessment program using multidimensional scaling provides useful information on implicit cognitive processes and can be a viable tool in efforts to engage lost to follow up patients.
The mappings produced via MDS visually depict implicit cognitions that both compromise and facilitate adherence. For this reason, MDS mappings could aid patients in learning to think strategically about treatment. For example, cognitive processes revealed by mappings that are related to treatment avoidance could be addressed by developing "ifthen" implementation intentions [2] . An individual patient might use cognitive items to develop a personalized if-then plan geared toward improving their adherence goal: "If I find myself thinking about how I became infected with HIV, then I will direct all my energy and attention to thinking about staying healthy for my children." The first part of the statement represents an avoidance-oriented cognition whereas the second part contains an approach-oriented one. Based on other research using implementation intentions, it is reasonable to assume that implementation intentions derived from the MDS maps would resonate strongly with patients given that they reflect thoughts that the patient actually experiences. With practice, if-then statements could help weaken the strength of avoidance-oriented cognitions. To bolster the impact of these statements, patients could be encouraged to share their implementation intentions with a source of autonomy support, such as a health provider, therapist, or significant other. If devised before a patient begins a regimen, implementation intentions could aid in addressing potential treatment hurdles as well as capitalizing on hidden cognitive resources.
Interventions based on MDS maps could also be developed to promote patient motivation. The technique may help fill an unmet need among health providers with less training in motivational interviewing or other clinical approaches that involve exploring how underlying psychological processes may influence a patient's treatment behavior. The maps could aid clinicians in helping patients weigh the pros and cons of behavior change, thereby stimulating change intentions. MDS maps could even be used to generate personally-meaningful "primes," which could, for example, be transmitted to patient cell phones to improve adherence or care engagement (e.g., medication dosage reminders, cues for appointment keeping with health providers).
Finally, MDS maps could be used as part of interventions designed to build mindfulness, an individual characteristic that may help patients to disengage from implicit processes, such as those that compromise treatment behaviors [1] . Research indicates that individuals with low levels of mindfulness are more susceptible to the influence of healthcompromising implicit processes [1, 40] . Through a combination of MDS assessment and mindfulness meditation training, patients could increase their awareness of specific fleeting cognitive processes that have been identified through MDS, and develop skills to regulate them in the here and now.
